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COMPACT INTEGRATED BATTERY PACKS
FOR HYBRID VEHICLES

FIELD

The present application relates generally to hybnd
vehicles and, more particularly, to compact integrated bat-
tery packs for hybrid vehicles.

BACKGROUND

A mild hybrid vehicle 1s one type of hybrid vehicle that
includes an engine configured for propulsion and an electric
motor configured to assist the engine. One type of muld
hybrid vehicle includes a belt-driven starter generator (BSG)
unit. The BSG unit utilizes the electric motor to selectively
provide power to a crankshatt of the engine (e.g., via a belt).
The BSG also replaces a conventional alternator and thus
could be used for start-stop of the engine, power assist,
and/or regenerative braking, as well as powering other
vehicle components. The BSG unit 1s powered by a battery
pack, such as a 48 volt battery pack.

Conventional battery packs have external or off-board
controllers and/or direct current (DC) to DC converters. This
increases packaging size and/or weight for the battery pack.
Conventional cooling systems capable of handling cooling
needs of the battery pack, such as a heating, ventilation, and
air conditioning (HVAC) system or another refrigerant-
based system could also increase packaging size and/or
weight. Further, conventional packaging of all of these
distinct components wastes additional vehicle space. There-
fore, while such battery packs work for their intended
purpose, there remains a need for improvement in the
relevant art.

SUMMARY

In accordance with an aspect of the invention, a compact
integrated battery pack for a hybrid vehicle 1s presented. In
one exemplary implementation, the battery pack includes a
housing, a plurality of battery cells disposed within the
housing and configured to collectively output a primary
voltage for powering an electric motor of the hybrid vehicle,
a direct current (DC) to DC converter circuit disposed within
the housing and configured to step-down the primary voltage
to a secondary voltage for powering low voltage compo-
nents of the hybrid vehicle, and a control circuit disposed
within the housing and configured to control (1) recharging
of the plurality of battery cells, (11) output of the primary
voltage, and (111) output of the secondary voltage, and an
integrated cooling system disposed within the housing and
configured to cool the battery pack.

In some implementations, the DC to DC converter circuit
and the control circuit are both implemented on a single
common circuit board disposed within the housing. In some
implementations, the DC to DC converter 1s further config-
ured to boost the secondary voltage or another received
secondary voltage to the primary voltage or another boosted
primary voltage for at least one of (1) recharging the plurality
of battery cells and (1) powering the electric motor of the
hybrid vehicle.

In some 1mplementations, the cooling system 1s an air
cooling system disposed within the housing and configured
to utilize air from inside the hybrid vehicle to cool the
battery pack. In some implementations, the hybrid vehicle 1s
a sedan or coupe and the housing 1s sized and shaped to
define dimensions corresponding to a space (1) 1n a trunk of
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the sedan or the coupe or (11) beneath a floor of the trunk, the
plurality of battery cells and the control circuit are arranged
in a first component layer in the housing, and the DC to DC
converter and the air cooling system are arranged 1n a second
distinct component layer within the housing that 1s proxi-
mate and parallel to the first component layer. In other
implementations, the hybrid vehicle 1s a pickup truck and the
housing 1s sized and shaped to define dimensions corre-
sponding to a space (1) behind seats 1n a cab of the pickup
truck or (11) under the seats in the cab, and the plurality of
battery cells, the control circuit, the DC to DC converter, and
the air cooling system are each arranged in a single com-
ponent layer in the housing.

In other implementations, the cooling system 1s a liquid
cooling system disposed within the housing and configured
to utilize a liquid coolant to cool the battery pack. In some
implementations, the hybrid vehicle 1s a sport utility vehicle
and the housing i1s sized and shaped to define dimensions
corresponding to a space underneath the sport utility vehicle.
In some 1mplementations, the plurality of battery cells, the
control circuit, the DC to DC converter, and the liquid
cooling system are each arranged in a single component
layer 1n the housing. In some implementations, the battery
pack further includes one or more seals configured to
prevent moisture from entering the housing such that the
battery pack 1s positionable underneath the hybrid vehicle in
an area exposable to water, and one or more cooling lines
configured to provide the liquid coolant from an outside of
the housing to the liquid cooling system.

Further areas of applicability of the teachings of the
present disclosure will become apparent from the detailed
description, claims and the drawings provided herematter,
wherein like reference numerals refer to like features
throughout the several views of the drawings. It should be
understood that the detailed description, including disclosed
embodiments and drawings referenced therein, are merely
exemplary in nature intended for purposes of illustration
only and are not mtended to limit the scope of the present
disclosure, its application or uses. Thus, variations that do
not depart from the gist of the present disclosure are
intended to be within the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an example functional block diagram of a hybnd
vehicle including a battery pack according to the principles
of the present disclosure; and

FIGS. 2A-2C are example diagrams of various configu-
rations of the battery pack according to the principles of the
present disclosure.

DESCRIPTION

As previously discussed, there remains a need for
improved battery pack construction and packaging for
hybrid vehicles. Accordingly, compact, integrated battery
packs for hybrid vehicles are presented. These battery packs
are Tully integrated having both the plurality of battery cells
for supplying a primary voltage, such as for powering a
belt-driven starter generator (BSG) unit, as well as a direct
current (DC) to DC converter for stepping down the primary
voltage to a lower secondary voltage for powering low
voltage vehicle components and/or recharging a lead-acid or
other suitable vehicle battery. Having the DC to DC con-
verter on-board decreases packaging size and eliminates the
need for an alternator. In one exemplary implementation, the
DC to DC converter circuit and a control circuit for the




US 9,809,127 B2

3

battery pack are implemented on a single common circuit
board, thereby further decreasing packaging size. Primary
and secondary voltage output ports can also be implemented
in or on the battery pack for quick and easy connection to
other components.

Various configurations of the fully integrated battery pack
provide for compact dimensions that allow the battery pack
to be placed outside of the engine compartment (which
typically has very little or no free space) and in other
typically unused spaces of the vehicle. Examples of these
compact configurations include an air-cooled single layer
configuration for placement behind or below seats 1n a cab
of a pickup truck and a liquid-cooled single layer configu-
ration for placement below a sport utility vehicle (including
cooling lines and seal(s)). Another example of these com-
pact configurations includes an air-cooled dual layer con-
figuration for placement below a floor of a trunk of a sedan,
a coupe, or another conventional passenger vehicle. Specific
arrangement of the components within the housing of the
battery pack can depend on interaction between the compo-
nents (e.g., sharing of a single common circuit board) and/or
cooling requirements (e.g., heat-sensitive battery cells
located closer to the cooling system).

Referring now to FIG. 1, an example functional block
diagram of a vehicle 100 is illustrated. In one exemplary
implementation, the vehicle 1s a mild hybrid vehicle. The
vehicle 100 includes an engine 104 and a BSG unit 108
comprising an electric motor 112 and a battery pack 116.
While a BSG hybrid configuration for the vehicle 100 1s
illustrated and described herein, 1t will be appreciated that
the vehicle 100 could be any suitable electrified vehicle,
such as a vehicle 100 having an integrated starter generator
(ISG) hybrid configuration or another form of electric motor
112. In one exemplary implementation, the vehicle 100
could be a battery electric vehicle (BEV) or plug-in hybnd
clectric vehicle (PHEV) utilizing the electric motor 112 and
the battery pack 116 at least partially for propulsion of the
vehicle 100 and the engine 104 for recharging the battery
pack 116. The vehicle 100 also includes a transmission 120,
a drivetrain 124, a controller 128, and a temperature sensor
132 configured to measure a temperature of the battery pack
116.

The engine 104 1s any suitable internal combustion engine
(gasoline, diesel, etc.) configured to generate drive torque.
The drive torque 1s transierred to the drivetrain 124 via the
transmission 120. Under certain operating conditions, the
controller 128 commands the engine 104 to stop. Examples
of these operating conditions are the vehicle 100 being
stopped for a period, such as at a red light. Once the
operating condition changes, the controller 124 commands
the engine 104 to restart by commanding the BSG unit 108
to restart the engine 104. Examples of mputs for detecting,
these operating conditions include vehicle speed, accelerator
pedal position, and brake pedal position. This starting and
restarting ol the engine 104 i1s also known as “start-stop
operation.” The BSG unit 108 provides for faster restarts of
the engine 104, and thus a driver of the vehicle 100 1s
unaware or less aware that the engine 104 1s ever stopped.

Specifically, the BSG unit 108 1s configured to selectively
provide power to a crankshaft 136 of the engine 104. Thus,
the BSG unit 108 1s arranged in place of a conventional
alternator (not shown) of the engine 104. The BSG unit 108,
therefore, further includes a direct current (DC) to DC
converter 140. The DC-DC converter 140 1s configured to
step-down a primary voltage (V) of the battery pack 116 to
a lower secondary voltage (V) suitable for powering com-
ponents of the vehicle 100 and/or recharging a 12 volt
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lead-acid battery. The battery pack 116 includes a plurality
of battery cells 152 that collectively output the primary
voltage (e.g., approximately 48 volts), such as via a primary
voltage output port 156 of the battery pack 116. The sec-
ondary voltage could also be output via a similar secondary
voltage output port 160 of the battery pack 116. Similarly,
voltages could be mput via these ports 156, 160. In one
exemplary implementation, the DC to DC converter 140 1s
turther configured to boost the secondary voltage V. or
another received secondary voltage to the primary voltage
(V) or another boosted primary voltage for at least one of
(1) recharging the plurality of battery cells 152 and (11)
powering the electric motor 112 of the vehicle 100.

Because the battery cells 152 are temperature-sensitive,
the battery pack 116 also includes a thermal management
system (““I'MS”) or cooling system 164. Depending on the
configuration and/or placement of the battery pack 116 in the
vehicle 100, the cooling system 164 could be an air cooling
system or a liquid cooling system. An air configuration for
the cooling system 164 could utilize air within the vehicle
100 (within a cabin of the vehicle 100, within a trunk of the
vehicle 100, etc.) for cooling the battery pack 116. Similarly,
a liquid configuration for the cooling system 164 could use
a liquid refrigerant or other conditioned or non-conditioned
cooling liquid (e.g., glycol or a water/glycol mixture). The
arrangement of all of these components discussed above also
creates packaging 1ssues due to limited vehicle space, such
as limited engine compartment space. In one exemplary
implementation, the configurations of the cooling system
164 could use one or more channels (see, e.g., FIGS. 2A-2C)
defined by a housing of the battery pack 116 to cool various
components of the battery pack 116 (e.g., by removing heat
therefrom), which 1s discussed in greater detail below.

Referring now to FIGS. 2A-2C, various configurations of
the battery pack 116 are 1llustrated. Each configuration of the
battery pack 116 includes a housing 200 that 1s sized and
shaped to define specific dimensions of the battery pack 116.
One example material for the housing 200 1s a lightweight
metal, such as aluminum. The housing 200 could also
include materials that insulate the battery pack 116 from
moisture and/or heat. For each configuration of the battery
pack 116, the DC to DC converter circuit 140, the control
circuit 144, the plurality of battery cells 152, the primary
voltage output port 156, the secondary voltage output port
160, and the cooling system 164 are all disposed within the
housing 200. While the primary voltage port 156 and the
secondary voltage port 160 are typically used for discharg
ing (1.., providing power to other components), 1t will be
appreciated that recharging of the plurality of battery cells
152 could occur via one or both of the primary voltage port
156 and the secondary voltage port 160.

In FIG. 2A, components 204a-204f (collectively “com-
ponents 204°") are disposed within the housing 200 1n first
and second layers 208a and 208b, respectively. These layers
208a and 20856 are generally parallel and thus represent a
stack of the components 204. In one exemplary implemen-
tation, the first and second layers 208a and 2085 are distinct
layers. In one exemplary implementation, components 204¢
and 204/ 1n the second layer 2085 represent the DC to DC
converter circuit 140 and the cooling system 164, respec-
tively. In this one exemplary implementation, components
204b and 204c¢ could be the control circuit 144 (e.g.,
optionally implemented on the single common circuit board
148 with the DC to DC converter circuit 140) and the
plurality of battery cells 152, respectively. Components
204a and 2044 could then represent the primary and sec-
ondary voltage output ports 156 and 160.
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Other suitable arrangements of this exemplary configu-
ration could also be utilized, such as arranging the plurality
of battery cells 152 as component 204e 1n the second layer
2085 to provide for improved cooling because the plurality
of battery cells 152 could be more temperature sensitive than
the DC to DC converter circuit 140. Components 2045 and
204¢ 1n layer 208a could then be the DC to DC converter
circuit 140 and the control circuit 144 (e.g., optionally
implemented on the single common circuit board 148 with
the DC to DC converter circuit 140), such as shown 1n FIG.
2B. In one exemplary implementation, the cooling system
164 could be positioned as one or more channels 1n the
second layer 2085 or 1n the second layer 2085 and spanning
or extending into the first layer 208a. The housing 200 1n this
exemplary configuration 1s sized and shaped to define
dimensions corresponding to a space below a trunk 1n a
sedan or coupe configuration of the vehicle 100. While the
terms sedan, coupe, and conventional passenger vehicle as
used herein do not include pickup truck or a sport utility
vehicle, this configuration could also be utilized by a pickup
truck or sport utility vehicle (e.g., in or beneath a trunk of the
sport utility vehicle). By packaging the battery pack 116
such that 1t could fit 1n or beneath a floor of a trunk of the
vehicle 100, vehicle space 1s maintained and engine com-
partment space 1s reduced. In this exemplary configuration,
air could be provided to the cooling system 164 from the
trunk, from a cabin of the vehicle 100, from an exterior of
the vehicle 100, and/or from a heating, ventilation, and air
conditioning (HVAC) system of the vehicle 100.

In FIG. 2B, the components 204 are disposed within the
housing 200 1n a generally parallel manner (e.g., 1n a single
layer). In one exemplary implementation, a neighboring pair
of the components 204, such as components 2045 and 204c,
could be the DC to DC converter circuit 140 and the control
circuit 144 (e.g., optionally implemented on the single
common circuit board 148). The plurality of battery cells
152 could also be located proximate the DC to DC converter
circuit 140 and/or proximate the cooling system 164 (e.g.,
component 204f) for improved cooling. In this exemplary
configuration, the housing 200 1s sized and shaped to define
dimensions corresponding to a space (1) behind seats 1n a cab
of the pickup truck configuration of the vehicle 100 or (11)
under the seats i the cab of the pickup truck configuration
of the vehicle 100. By packaging the battery pack 116 such
that 1t could fit behind or below seats 1n the vehicle 100,
vehicle space 1s maintained and engine compartment space
1s reduced. In this exemplary configuration, air could be
provided to the cooling system 164 from the cab of the
vehicle 100 or from an exterior of the vehicle 100.

In FIG. 2C, the components 204 are again disposed within
the housing 200 1n a generally parallel manner (e.g., 1n a
single layer). In one exemplary implementation, a neighbor-
ing pair of the components 204, such as components 20456
and 204¢, could be the DC to DC converter circuit 140 and
the control circuit 144 (e.g., optionally implemented on the
single common circuit board 148). The plurality of battery
cells 152 could also be located proximate the DC to DC
converter circuit 140 and/or proximate the cooling system
164 (c.g., component 204f) for improved cooling. In this
exemplary configuration, the housing 200 1s sized and
shaped to define dimensions corresponding to a space below
a sport utility configuration of the vehicle 100. By packaging
the battery pack 116 such that it could fit below the vehicle
100, vehicle space 1s maintained and engine compartment
space 1s reduced.

In this exemplary configuration, liquid coolant could be
provided to the cooling system 164 (represented again as
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204f) from an exterior of the battery pack 116 via cooling
lines 212a and 2126 (collectively “cooling lines 2127)
having seals 216a and 2165 (collectively “seals 2167),
respectively. While seals 216a and 2166 are shown with
respect to the cooling lines 212a and 2126, 1t will be
appreciated that one or more seals could be applied to the
battery pack 116 1n general to prevent moisture from enter-
ing the housing 200, such that the battery pack 116 could be
subject to the atmosphere underneath the vehicle 100,
including being exposed to or at least partially submerged 1n
water or another liquid.

While the configurations of FIGS. 2A-2C are discussed
with respect to specific types of vehicles (sedan, pickup
truck, sport utility vehicle, etc.), it will be appreciated that
these configurations or other similar configurations could be
applied to these vehicles or to other types of vehicles. For
example only, as previously mentioned, the configuration 1n
FIG. 2A could be implemented 1n a trunk or cargo area of a
sport utility vehicle. Furthermore, while these configurations
are provided as examples, the techniques for arrangement of
the components 204 as discussed herein could be applied to
obtain other configurations based on size and space require-
ments for fitting the housing 200 1n a type of vehicle.

It should be understood that the mixing and matching of
teatures, elements, methodologies and/or functions between
various examples may be expressly contemplated herein so
that one skilled 1n the art would appreciate from the present
teachings that features, elements and/or functions of one
example may be incorporated mto another example as
appropriate, unless described otherwise above.

What 1s claimed 1s:

1. A compact integrated battery pack for a hybrid vehicle,
the battery pack comprising;:

a housing;

a plurality of battery cells disposed within the housing and
configured to collectively output a primary voltage for
powering an electric motor of the hybrid vehicle;

a direct current (DC) to DC converter circuit disposed
within the housing and configured to step-down the
primary voltage to a secondary voltage for powering
low voltage components of the hybrid vehicle;

a control circuit disposed within the housing and config-
ured to control (1) recharging of the plurality of battery
cells, (11) output of the primary voltage, and (111) output
of the secondary voltage; and

an mtegrated cooling system disposed within the housing
and configured to cool the battery pack.

2. The battery pack of claim 1, wherein the DC to DC
converter circuit and the control circuit are both imple-
mented on a single common circuit board disposed within
the housing.

3. The battery pack of claim 1, wherein the cooling system
comprises an air cooling system disposed within the housing
and configured to utilize air from 1nside the hybrid vehicle
to cool the battery pack.

4. The battery pack of claim 3, wherein the hybrid vehicle
1s a sedan or coupe and the housing 1s sized and shaped to
define dimensions corresponding to a space (1) 1n a trunk of
the sedan or the coupe or (11) beneath a floor of the trunk.

5. The battery pack of claim 4, wherein the plurality of
battery cells and the control circuit are arranged 1n a first
component layer in the housing, and wherein the DC to DC
converter and the air cooling system are arranged 1n a second
distinct component layer within the housing that 1s proxi-
mate and parallel to the first component layer.

6. The battery pack of claim 3, wherein the hybrid vehicle
1s a pickup truck and the housing 1s sized and shaped to
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define dimensions corresponding to a space (1) behind seats
in a cab of the pickup truck or (11) under the seats in the cab.

7. The battery pack of claim 6, wherein the plurality of
battery cells, the control circuit, the DC to DC converter, and
the air cooling system are each arranged in a single com-
ponent layer 1n the housing.

8. The battery pack of claim 1, wherein the cooling system
comprises a liquid cooling system disposed within the
housing and configured to utilize a liquid coolant to cool the
battery pack.

9. The battery pack of claim 8, wherein the hybrid vehicle
1s a sport utility vehicle and the housing 1s sized and shaped
to define dimensions corresponding to a space underneath
the sport utility vehicle.

10. The battery pack of claim 9, wherein the plurality of
battery cells, the control circuit, the DC to DC converter, and
the liquid cooling system are each arranged in a single
component layer in the housing.

11. The battery pack of claim 9, further comprising:

one or more seals configured to prevent moisture from

entering the housing such that the battery pack 1is
positionable underneath the hybrid vehicle 1n an area
exposable to water; and

one or more cooling lines configured to provide the liquid

coolant from an outside of the housing to the liquid
cooling system.

12. The battery pack of claim 1, wherein the DC to DC
converter 1s further configured to boost the secondary volt-
age or another received secondary voltage to the primary
voltage or another boosted primary voltage for at least one
of (1) recharging the plurality of battery cells and (11)
powering the electric motor of the hybrid vehicle.
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13. A mild hybrid vehicle, comprising:
an engine configured to generate drive torque at a crank-

shaft;
a belt-driven starter generator (BSG) unit comprising (1)

an electric motor configured to provide drive torque to

the crankshaft to start the engine and (11) a battery pack

configured to power the BSG unit, the battery pack
comprising:

a housing;

a plurality of battery cells fully disposed within the
housing, the plurality of battery cells configured to
collectively generate a primary voltage for powering
the electric motor;

a single circuit board tully disposed within the housing
and having disposed thereon both:

a direct current to direct current (DC-DC) converter
circuit configured to step-down the primary volt-
age to a secondary voltage for powering one or
more low voltage components of the mild hybnd
vehicle; and

a control circuit configured to control the DC-DC
converter circuit and the output, from the battery
pack, of the primary voltage and the secondary
voltage; and

an 1ntegrated cooling system fully disposed within the
housing, the cooling system being configured to cool

the battery pack.

14. The mild hybnid vehicle of claim 13, wherein the

vehicle does not include an alternator.

15. The mild hybnid vehicle of claim 13, wherein the

primary voltage 1s approximately 48 volts and the secondary

voltage 1s approximately 12 volts.

% o *H % x
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